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© comprising of (i) acylation of 7-Aimno-3-[(l-methyl-l-pyrrolidinium)methyl]-3-cephem-4-carboxylate hydrochloride 
(TV) with 4-bromo-2-melhoxyimino-3-oxobutyric acid chloride (III) to give 7-(4-bromo-2-methoxyimino-3-oxobutyra- 
mido)-3-[(l-methyl-l-pyrrolidinium)methyl]-3-cephem-4-carboxylate (II), (ii) cychsation of bromo compound n with thiourea to 
Q give cefepime (I) and (iii) purification of cefepime. 
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A NOVEL INTKRMF.m4TE VOU THE PREPARATION OF CEFEPIME 
FIELD OF INVENTION 

The present invention is related to provide a novel process for preparation of cefepime of 
formula I, a cephalosporin antibiotic. 




The present invention fiirther relates to provide a process for preparation of a novel 
-^—'''^s of formula H which is useful for the preparation of Cefepime of formula 1. 




BACKGROUND OF THE INVENTION 

A large number of cephalosporin antibiotics are known and are widely used in the 
treatment of bacterial infection. The semi-synthetic antibiotic cefepime is a useful broad- 
spectrum antibiotic which was first described by Aburalci, et al, in U.S. Pat. No. 
4,406,899 wherein the cefepime was synthesized by a multistep process involving 
protection and deprotection steps thereby malcing the process lengthy and laborious. 

The patents US 4,754,031; US 5,594,129 and 5,594,130 disclose synthesis of cefepime as 
shown below which involves acylation of 7-amino-3-[(l-methyl-l- 
pyrrolidinium)methyl]-3-cephem-4-carboxylate hydrochloride QY) with 2-(2-amino-4- 
thiazolyI)-2-methoxyiminoacetio acid that is activated by converting to chloride by 
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reacting with chlorinating agent such as thionyl chloride or phosphorous pentachloride or 
to anhydride by reacting with methane sulphonyl chloride. 




IV (7-APC) 

5 

OBJECTIVES OF THE INVENTION 

The objective of the present invention is to provide a novel process for preparation of 
cefepime (I) comprising of (i) acylation of 7-Amino-3-[(]-methyl-l- 
10 pyrrolidmium)methyI]-3-cephem-4-carboxylate (7-APC, IV) obtained in step 1 with 4- 
bromo-2-methoxyimino-3-oxobutyric acid chloride (III) to give provide 7-(4-bromo-2- 
methoxyimino-3-oxobutyramido)-3-[(l-methyl-l-pyrroIidinium)methyl]-3-cephem-4- 
carboxylate (bromo intermediate, II), (ii) cyclisation of bromo compound (II) with 
thiourea to give cefepime (I) and (iii) purification of cefepime. 

15 

DETAILED DESCRIPTION 

The present invention provides a novel process for the preparation of cefepime of 
formula (I) as shown in synthetic scheme below. 
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Synthetic Scheme 




Purecefcpfaetl) . Cefepime (I) 



The starting material 7-Ammo-3-[(l-methyl-l-pyrrolidinium)methyl]-3-cephem-4- 
carboxylate (7-APC, IV) was prepared as per process described in patent US 5,594,131 
5 by reaction of disilylated 7-amino-3-acetoxymethyl-ceph-3-em-4-carboxylate with N- 
methyl pyrrolidine in cyclohexane. The compound 7-APC was isolated as anhydrous or 
in the form of acid addition salts of HCI, HBr, m and H2SO4 or hydrates of these salts. 

In an embodiment of the present invention, the preparation of compound of formula II 
1 0 involves condensation of 4-bromo-3 -oxo-2-methoxyunino-butyryl chloride of formula III 
with 7-amino-3-[(l- methyl 1-pyroIidino) methyl] ceph-3-em-4-carboxylate hydrochloride 
of formula IV to provide 7-(4-bromo-2-methoxyimino-3-oxobutyramido)-3--[(l-methyl- 
l-pyrrolidinium)methyl]-3-cephem-4-carboxylate (bromo intermediate, 11) as shown in 
step 1. The starting compound 7-APC (IV) in the step 1 is used as mono-addition salt or 
15 as a di-addition salt with HCL, HBr, HI, H2SO4 and H3PO4. These addition salts may 
additionally be present in solvated form, e. g. as monohydrate or dihydrate, most 
preferably mono hydrochloride salt of 7-APC is used. 

The another starting material of condensation reaction is 4-bromo-2-methoxyimmo-3- 
20 oxo-butyric acid chloride (III) is prepared from reaction of ammonium salt of 4-bromo-2- 
methoxyimino-3-oxo-butyric acid with chlorinating agent such as phosphorous 
pentachloride, phosphorous oxychloride, oxalyl chloride and thionyl chloride 
halogenated solvent such as dichloromethane or ethylene dichloride. 
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The solvent for condensation reaction is selected from dichloromethane, ethylene 
dichloride, ethyl acetate, methanol, ethanol, propanol, butanol, acetone, ethyl methyl 
ketone, acetonitrile, diisopropyl ether, tetrahydrofiiran, dioxane, dimethyl formamide, 
water and mixtures thereof. The ratio of organic solvent to water in the mixture is in the 
5 range of 10:90 to 90: 10, more preferably 50:50. The pH is maintained at 5.0-7.0, 
preferably at 5.4-6,0 by using organic or inorganic base selected from triethyl amine, 
pyridine, sodium hydroxide, sodium hydrogen carbonate, sodium carbonate, potassium 
hydroxide, potassium hydrogen carbonate, potassium carbonate, ammonia and 
ammonium carbonate, more preferably potassium hydrogen carbonate. The reaction is 
1 0 performed at temperature-20 to 30°C, preferably at -1 0 to -1 5°C. 

In another embodiment of the present invention the compounds of formula n may be 
isolated in the form free base or as acid addition salts of HCl, HBr, HI and H2SO4 or 
hydrates of these salts. 

15 

In yet another embodiment of the present invention the compound of formula II is 
treated with thiourea to undergo cyclisation reaction to give cefepime as shown m step 2. 
The solvent used for cyclisation reaction is selected from dichloromethane, ethylene 
dichloride, ethyl acetate, methanol, ethanol, propanol, butanol, acetone, ethyl methyl 

20 ketone, acetonitrile, diisopropyl ether, tetrahydrofiiran, dioxane, dimethyl formamide, 
water and mixtures thereof The ratio of organic solvent to water in the mfacture is in the 
range of 10:90 to 90: 10, more preferably 50:50. The pH is maintained at 3.5-5.5, 
preferably at 4.0-4.5 by using organic or inorganic base selected from triethyl amine, 
pyridine, sodium hydroxide, sodium hydrogen carbonate, sodium carbonate, potassium 

25 hydroxide, potassium hydrogen carbonate, potassium carbonate, ammonia and 

ammonium carbonate, more preferably potassium hydrogen carbonate. The reaction is 
performed at temperature 10 to 50°C, preferably at 25 to 30°C. 

In yet another embodiment of the present invention the cefepime is purified by dissolving 
30 in alcoholic solvent such as methanol, subjected to carbon treatment, filtering and 
crystallizing out pure cefepime by addition of ketonic a solvent such as acetone. The 
purification is performed at temperature 10 to 50°C, preferably at 25 to 30°C, 
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The cefepime dihydrochloride monohydrate (I) thus obtained is highly pure (HPLC 
purity > 99.7%) and stable. 

5 The present invention has following advantages: 

(i) the process provides highly pure and stable cefepime dihydrochloride 
monohydrate in good yield, 

(ii) the process utilizes avoids the use of silylated reagents in step 1, thereby it 
reduces the load of effluents. Thus, the process of the present invention is 

1 0 operationally simple and more eco friendly. 

(iii) the process is commercially viable as there are no protection and deprotection 
steps involved. 

The present invention is illustrated in the following examples vWthout limiting the scope 
15 of the invention. 



Example 1 

Step 1 7-[4-Bromo-2(Z)-methoxyimino-3-oxobutyramide]- 3-[(l- methyl -1- 

pyrolidino) methyl] ceph-3-em-4-carboxyIate hydrochloride (II) 

20 

A mixture of phosphorous pentachloride (74.5 g, 0.3573 mol.), dichloromethane (500ml) 
was cooled to -10°C. Ammonium salt of 4-bromo-2-oxyimino-3-oxo butyric acid was 
added in lots at -10 to-15°C. Mixture was stirred at 30°C for 30 min. and 0 to 5°C for 30 
min. Dichloromethane was evaporated completely. To this acetone (250 ml) was added. 

25 In another flask the mixture of acetone (500 ml), water (500 ml) and 7-amino-3-[(l- 

methyll-pyrolidino) methyl] ceph-3-em-4-carboxylate hydrochloride (lOOg) was cooled 
to -10°C. pH was adjusted to 6.5 by 25% potassium bicarbonate solution. Acid chloride 
was added slowly by maintaining pH 5.4 to 5.8 at -5 to -lO^C. Mixture was stirred for 20 
minute. pH was adjusted to 0.7 slowly by concentrated hydrochloric acid at 0 to -5°C. 

30 Mixture was stirred for 2 hr at same temperature, filtered washed with (1:1) acetone- 
water (400ml) and acetone (400ml). Drying under vacuum at 40°C affords 7-[4-Bromo- 



1/29/2008, EAST Version: 2.2.1.0 



wo 2006/067803 



6 



PCT/IN2005/000406 



2(Z)-methoxyimino-3-oxobulyraiiiide]- 3-[(l- methyl -1-pyrolidino) methyl] ceph-3-em- 
4-carboxylate hydrochloride (bromo intermediate, II) (120g, 74.4%). 

Purification of bromo intermediate (II) 
5 The mixture of acetone (500 ml), water (500 ml) and 7-[4-Bromo-2(Z)-methoxyimino-3- 
oxobutyramide]- 3-[(r- methyl -1-pyrolidino) methyl] ceph-3-em-4-carboxylate 
hydrochloride (lOOg) obtained above was cooled to -10°C..The pH of the mixture was 
adjusted to 4 to dissolve completely by 25% potassium bicarbonate. Carbon (10 g) was 
added and mixture was stirred for 30 minutes at 0 to 5°C. Filtered and the pH of filtrate 
1 0 was adjusted by dilute hydrochloric acid to 0.7. Slurry was stirred for 2 hr at 0 to-5°C, 
filtered washed with water and acetone, drying under vacuum at 40°C affords (85g) pure 
7-[4-bromo-2(Z)-methoxyimino-3-oxobutyramide]- 3-[(l- methyl -1-pyrolidino) methyl] 
ceph-3-em-4-carboxylate hydrochloride (85g) 

15 Step 2 

Preparation of 7-[2-(2-aminotiazol-4yl)-2-(z)-methoxy-iminoacetamido]-3-[(l-methyI-l- 
pyrolidino)-methyl] ceph-3-em-4carboxylate dihydrochloride monohydrate (cefepime, 
1). 

20 A mixture of 7-[4-bromo-2(Z)-methoxyimino-3-oxobutyramide]- 3-[(l- methyl -1- 
pyrolidino) methyl] ceph-3-em-4-carboxylate hydrochloride (II) (80g, 0. 148 Imol), 
acetone (400ml), water (400ml) was cooled to 10°C. pH of mixture was adjusted to 4 by 
25% potassium bicarbonate , thiourea (15.68g, 0.2063 mol) was added. Mixture was 
stirred for 90 min at pH 4.2 to4.5 at 25°C. Carbon (12 g) was added and stirred for 1 hr, 

25 filtered washed with water (80ml). pH of filtrate was adjusted to 0.5 by concentrated 

hydrochloric acid at 8-1 0°C. Acetone (3440ml) was added slowly in 2 hr at 8-10"C. After 
stirring for 1 hr at 8-1 0°C mixture was filtered, washed with acetone (400 ml) gives 
cefepime dihydrochloride monohydrate 88 g (94.5% yield, purity 99.3%). 

30 Purification of cefepime dihydrochloride monohydrate: 
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Cefepime (80) g obtained above was dissolved in DM water (400 ml) under stirring. To 
that acetone (1200 ml) was added slowly in 30 min at 25-28°C. Mixture was stirred for 
30 min at same temp. Acetone (2000 ml) was added slowly in Ihr at 25-28°C. Mixture 
was stirred for Ihr, filtered and washed with acetone (400ml), dried under vacuum at 
5 40°C gives pure cefepime dihydrochloride monohydrate 75 g (93% yield, purity 99.7%). 
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CLAIMS 

1 . A process for preparation of cefepime of formula (I) 

5 




^HCI-HzO 



10 

comprising the steps: 

(i) acylation of 7-Amino-3-[{l-methyl-l-pyrrolidinium)methyl]-3-cephem-4- 
carboxylate (7-APC, IV) with 4-bromo-2-methoxyimino-3-oxobutyric 
acid chloride (III) to give provide 7-(4-bromo-2-methoxyimino-3- 
15 oxobutyramido)-3-[(l-methyl-l-pyrrolidinium)methyI]-3-cephem-4- 
carboxylate (bromo intermediate, II) 
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^OCHj 



e 



CIH3N, 





-ci 



o' 



10 

3. 
4. 

15 

5. 



IV III 

(ii) cyclisation of bromo compound (11) with thiourea to give cefepime (I) and 

(iii) purification of cefepime. 

A process as per claim 1 wherein, the step 1 is carried out in solvent selected 
from dichlorometiaane, ethylene dichloride, ethyl acetate, methanol, ethanol, 
propanol, butanol, acetone, ethyl methyl ketone, acetonitrile, diisopropyl 
ether, tetrahydrofuran, dioxane, dimethyl formamide, water and mixtures 
thereof, preferably mixture of acetone and water. 

A process as per claim 2 wherein, the ratio of acetone and water in the step 1 
is in the range of 1 0:90 to 90: 10, more preferably 50:50. 

A process as per claim 1 wherein, step 1 is carried out at pH 5.0-7.0, 
preferably at 5.4-6.0. 

A process as per claim 1 wherein, the pH 5.4-6.0 in step 1 is maintained by 
using organic or inorganic base selected from triethyl amine, pyridine, sodium 
hydroxide, sodium hydrogen carbonate, sodium carbonate, potassium 
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hydroxide, potassium hydrogen carbonate, potassium carbonate, ammonia and 
ammonium carbonate, most preferably potassium hydrogen carbonate. 

6. A process as per claim 1 wherein, the step 1 is performed at temperature-20 to 
5 sec, preferably at -1 0 to -1 5°C. 



7. A process as per claim 1 wherein, the step 2 is carried out in solvent selected 
from dichloromethane, ethylene dichloride, ethyl acetate, methanol, ethanol, 
propanol, butanol, acetone, ethyl methyl ketone, acetonitrile, diisopropyl 

1 0 ether, tetrahydrofuran, dioxane, dimethyl formamide, water and mixtures 

thereof, preferably mixture of acetone and water. 

8. A process as per claim 2 wherein, the ratio of acetone and water in the step 2 
is in the range of 10:90 to 90:10, more preferably 50:50. 

15 

9. A process as per claim 1 wherein, step 2 is carried out at pH 3.3 to 5.5, 
preferably at 4.0 to 4.5. 



10. A process as per claim 1 wherein, the pH in step 2 is maintained by using 
20 organic or inorganic base selected from trie%l amine, pyridine, sodium 

hydroxide, sodium hydrogen carbonate, sodium carbonate, potassium 
hydroxide, potassium hydrogen carbonate, potassium carbonate, ammonia and 
ammonium carbonate, most preferably potassium hydrogen carbonate. 

25 11. A process as per claim 1 wherein, the step 1 is performed at temperature 1 0- 
50°C, preferably at 25-30°C. 

12. A process as per claim 1 wherein, the step 3 is carried out by dissolving 
cefepime in alcoholic solvent such as methanol and crystallizing out pure 
30 cefepime by addition of ketonic a solvent such as acetone. 
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13. A process as per claim 1 wherein, the step 3 is performed at temperature 10 to 
50°C, preferably at 25 to 30°C. 
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